

































































































































































































































































































































































































































North	Burnaby 2 Lougheed	Town	Centre 924 161
North	Burnaby 2 Brentwood	Town	Centre 779 134
North	Burnaby 3 Lougheed	Town	Centre 963 265
North	Burnaby 3 Brentwood	Town	Centre 646 211
North	Burnaby 3 Downtown	Vancouver 94 118
South	Burnaby 2 Highgate	Mall 300 181
South	Burnaby 2 Metrotown 2710 856
South	Burnaby 3 Highgate	Mall 268 174
South	Burnaby 3 Metrotown 2644 837
South	Burnaby 3 Downtown	Vancouver 98 126
Coquitlam 2 Coquitlam	Center 19778 5930
Coquitlam 2 Lougheed	Town	Centre 713 1734
Coquitlam 3 Coquitlam	Center 9272 3688
Coquitlam 3 Lougheed	Town	Centre 6973 2458
Coquitlam 3 North	Coquitlam 4246 1528
Model	3	with	three	Attractors
Further,	we	introduce	one	more	attractor	in	the	model,	Downtown	Vancouver.	Although	we	do	not	include	crime	data	for	the	City	of
Vancouver	in	the	current	model,	it	is	a	suitable	Attractor	to	include	since	offenders	do	not	necessarily	commit	their	offences	within	the
boundaries	of	their	residential	municipality.	Furthermore,	the	work	opportunities,	shopping	and	entertainment	districts	of	Downtown
Vancouver	attract	people	from	a	variety	of	municipalities	in	Vancouver's	lower	mainland.	In	Figure	21	the	level	of	attraction	of	Lougheed
Town	Centre	(red),	Brentwood	Town	Centre	(green)	and	Downtown	Vancouver	(blue)	can	be	seen.	Similar	to	the	previous	model,	we
initialized	the	level	of	attraction	with	a	value	of	100	for	each	attractor.	The	squares	are	the	crime	locations	which	are	attracted	to	Lougheed
Town	Centre,	diamonds	correspond	to	Brentwood	Town	Centre	and	crosses	correspond	to	Downtown	Vancouver.
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Figure	21:	North	Burnaby	property	crimes	with	three	attractors
(a)	Attractors	for	Lougheed	Town	Centre
	
(b)	Attractors	for	Brentwood	Town	Centre
	
(c)	Attractors	for	Downtown	Vancouver
Model	3	comparing	two	and	three	Attractors
Table	2	shows	our	results	for	all	of	the	datasets	used	for	experiments.	Figure	 21-	23	show	the	results	pictorially.
In	North	Burnaby,	Figure	21,	we	see	that	both	Lougheed	Town	Centre	and	Brentwood	Town	Centre	are	similar	in	attractiveness	as	the
amount	of	crimes	attracted	to	their	location	is	similar.	When	downtown	Vancouver	is	introduced	as	an	attractor,	Lougheed	Town	Centre
actually	becomes	a	stronger	attractor	(39	more	crimes	are	associated	to	it),	while	Brentwood	Town	Centre	becomes	weaker	(133	crimes	are
lost).	Downtown	Vancouver	receives	only	94	crimes,	which	is	about	a	10th	the	size	of	Lougheed	Town	Centre.	While	the	two	local	malls
were	initially	equal,	the	introduction	of	a	third	attractor	shows	us	that	Lougheed	Town	Centre	is	more	important	of	a	crime	attractor	than
Brentwood	Town	Centre	is.	This	could	possibly	be	explained	due	to	the	distant	location	of	Lougheed	Town	Center	from	downtown
Vancouver.	If	offenders	living	in	Burnaby	wish	to	travel	East,	they	will	most	likely	head	towards	Lougheed	Town	Center,	while	offenders
traveling	West	will	now	have	a	choice	between	Brentwood	Town	Center	and	Downtown	Vancouver.
In	Figure	22,	the	two	malls,	Highgate	and	Metrotown,	are	clearly	not	of	similar	scope.	Metrotown	is	 the	largest	mall	in	British	Columbia,	and
our	results	are	consistent	with	this.	Highgate	Mall	is	only	a	fraction	of	the	size	of	Metrotown,	and	correspondingly	its	strength	as	an	attractor
is	also	only	a	fraction	of	Metrotown.	The	introduction	of	downtown	Vancouver	decreases	the	attractiveness	of	both	malls,	as	it	takes	crimes
from	both	locations	equally.	Proportionally	however,	downtown	Vancouver	only	takes	1%	of	the	crimes	from	Metrotown,	and	11%	of	the
crimes	from	Highgate	Mall.
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7.12 Coquitlam,	Figure	23,	is	very	interesting.	It	is	very	different	from	the	two	portions	of	Burnaby.	Coquitlam	Center	simply	dominates	in	both
instances,	when	there	are	two	attractors	and	when	there	are	three.	When	there	are	only	two	attractors,	compared	to	Lougheed	Town	Centre,
Coquitlam	Center	is	a	factor	of	25	greater	of	an	attractor.	When	a	third	attractor	is	introduced,	the	attractiveness	of	Coquitlam	Center	is
halved,	and	this	allows	Lougheed	Town	Centre	to	retain	a	lot	of	attractiveness.	What	happens	in	the	two-attractor	scenario	is	as	follows.	The
magnitude	of	Coquitlam	Center	is	simply	so	large,	that	it	swallows	up	the	other	attractor.	When	attractors	near	Lougheed	Town	Centre	are
evaluated,	the	magnitude	of	Coquitlam	Center	is	so	large	that,	according	to	our	rules,	the	offender	is	attracted	to	it,	rather	than	Lougheed
Town	Centre.	This	is	reasonable.	If	a	location	is	attractive	to	criminals,	more	criminals	will	likely	go	there,	increasing	its	attractiveness	further.
(a)	Attractors	for	Highgate	Mall
	
(b)	Attractors	for	Metrotown
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Figure	22:	Results	of	South	Burnaby	using	Model	3
	
(c)	Attractors	for	Downtown	Vancouver
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(a)	Attractors	for	Lougheed	Town	Center
(b)	Attractors	for	North	Coquitlam
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Figure	23:	Results	of	Coquitlam	using	Model	3
(c)	Attractors	for	Coquitlam	Town	Center
	Discussion
These	results	point	to	the	role	of	activity	nodes,	in	this	case	suburban	regional	shopping	centres,	on	criminal	activity.	The	findings	suggest	an
increasing	likelihood	of	crime	as	a	function	of	geometric	angle	and	distance	from	an	offender's	home	location	to	the	site	of	the	criminal	event.
This	was	highlighted,	in	particular,	when	Model	3	was	applied	to	the	City	of	Coquitlam,	which	resulted	in	an	overwhelming	attractor	at
Coquitlam	Town	Centre.	This	strongly	supports	Crime	Pattern	Theory	(Brantingham	and	Brantingham	1993 )	which	suggests	an	underlying
pattern	to	the	offense	locations	should	be	present.	Our	results	confirm	this.
The	model	and	its	findings	may	have	relevance	for	real-world	issues.	Forecasting	crime	in	urban	areas	is	an	obvious	point	of	interest	for
police	and	city	planners,	and,	given	that	criminal	activity	is	likely	to	reduce	the	success	of	commercial	enterprises	in	an	area,	so	too	for
citizens	and	business	owners.	The	techniques	described	in	this	paper	may	be	useful	for	predicting	crime	levels	in	urban	areas	given	the
introduction	of	a	new	shopping	centre,	or	perhaps	other	forms	of	activity	nodes.	The	ability	to	forecast	crime	is	an	invaluable	tool	that	could
lead	to	the	prevention	of	crime.	Law-enforcement	organizations	could	use	information	from	criminal	activity	models	such	as	the	one
described	in	this	paper	to	design	locally	specific	crime	prevention	strategies.	This	type	of	proactive	policing	is	gaining	favour	as	decision-
makers	look	for	novel	crime-reduction	and	safety	promotion	strategies.	The	information	provided	by	this	type	of	modeling	research	can	also
be	fed	into	urban	land-use	policy	making.	City	land-use	zoning	and	policy	should	consider	future	consequences	of	crime	when	probable
criminal	attractors	are	being	developed.
	Conclusions
In	this	paper,	a	model	was	developed	to	explore	the	geometric	and	geographic	determinants	of	criminal	activity	in	space	through	an
exploration	of	crime	activity	vectors.	Offenders'	home	locations	and	the	site	of	their	property	crimes	were	extracted	from	police	records	to
examine	hypotheses	of	human	criminal	behaviour.	Making	use	of	Journey	to	Crime	and	Activity	Space	theories	used	in	environmental
criminology,	we	modeled	the	relationship	between	location	of	shopping	centres,	offenders'	home	location,	and	the	location	of	property	crimes
in	two	suburban	cities,	Coquitlam	and	Burnaby	in	British	Columbia,	Canada.	A	key	advancement	of	this	model	to	the	environmental
criminology	literature	was	the	focus	on	geometric	directionality	as	a	potential	determinant	of	criminal	activity	locations.
There	is	growing	interest	in	modeling	criminal	activity	patterns,	as	police,	policy	makers,	and	government	look	for	new	methods	to	better
understand	crime	patterns	which	could	ultimately	lead	to	crime	reduction.	The	model	described	in	this	paper	represents	a	starting	point	for
future	research.	Plans	are	being	made	to	extend	the	directionality	model	described	herein	in	order	to	deal	with	changes	to	the	system,	such
as	the	addition	or	removal	of	an	activity	node,	or	changes	to	the	urban	infrastructure.	This	will	be	particularly	useful	for	examining	future
consequences	of	urban	policy	decisions.	Similar	to	this	idea,	we	would	like	to	see	if	the	model	can	pick	up	seasonal	or	annual	trends,	or
simply	changes	in	the	attractors	as	time	progresses.	In	the	existing	models	the	Attractors	were	given	to	the	model.	We	are	searching	for
ways	of	determining	the	locations	of	those	Attractors	based	on	the	real	world	crime	data.	Once	locations	are	determined,	the	model
presented	above	can	be	applied	to	determine	its	strength.
The	road-network	is	an	important	consideration	when	analyzing	patterns	in	urban	areas.	In	the	future,	the	theories	presented	in	this	paper
will	be	modified	to	deal	with	the	complexities	introduced	by	the	road-network.	One	such	complexity	is	the	varying	directionality	present	as	a
road	winds	from	one	point	to	another.	In	extreme	cases,	it	is	possible	that	the	shortest	path	between	a	source	and	target	actually	initially
leads	away	from	the	target.
Finally,	in	order	to	validate	the	model	in	a	more	complete	fashion,	but	without	waiting	for	future	events	to	occur,	the	next	task	will	be	to
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validate	this	model	using	cross-validation	where	the	dataset	available	is	split	into	n	portions,	where	n-1	are	used	to	build	the	model	with	the
remaining	portion	used	for	validation	(repeating	n	times,	each	time	leaving	a	different	portion	for	validation).	This	way	the	predicted
magnitude	of	strength	can	be	considered	against	each	result	from	the	dataset.
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Notes
This	simple	summary	of	the	factors	that	determine	the	spatial	patterning	of	crimes	does	not	account	for	more	complex	target	selection
behaviour	that	is	found	with	multiple	(co-)	offenders	(see	Brantingham	and	Brantingham	(1981) 	for	a	more	detailed	discussion	of	the	target
selection	behaviour	of	criminals).
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